r Inactivation of a skeletal muscle results in slow to fast myosin heavy chain (MyHC) shift. r AMP-activated protein kinase (AMPK) can be implicated in the regulation of genes encoding the slow MyHC isoform.
Introduction
One of the key events that occurs during skeletal muscle inactivation/unloading is a change in myosin phenotype, i.e. increased expression of fast isoforms and decreased expression of the slow isoform of myosin heavy chain (MyHC) (Pette & Staron, 2001) . A significant decrease in MyHC I mRNA expression in rat soleus muscle has been observed as early as 1 day following hindlimb unloading (HU) (Giger et al. 2009 ). It is known that the calcineurin-nuclear factor of activated T-cells (NFAT) pathway as well as AMP-activated protein kinase (AMPK) can regulate the expression of the Myh7 gene encoding slow-type MyHC (Liu et al. 2014) . The downregulation of Myh7 gene expression may be the consequence of calcineurin inhibition or increased NFATc1 phosphorylation and efflux from myonuclei associated with glycogen synthase kinase 3β (GSK3β) inactivation/negative phosphorylation (Shen et al. 2007 ). However, the GSK3β phosphorylation level did not differ from the control level after 24 h of HU (Mirzoev et al. 2016) . Calsarcin-2 (myozenin-1; a calcineurin inhibitor) mRNA expression remained unchanged after 24 h of HU (the authors' unpublished observation). Therefore, we do not believe that alteration of calcineurin/NFATc1 pathway can be involved in the MyHC I downregulation observed by Giger et al. (2009) after 24 h of HU. We suppose that the epigenetic effects of Class IIA histone deacetylase (HDAC) phosphorylation/dephosphorylation and cytoplasmic-nuclear traffic may be involved (Liu et al. 2005) . HDAC4 and 5 may be the target of several protein kinases, including AMPK (Röckl et al. 2007) . Until recently, the issue of AMPK phosphorylation in soleus muscle under conditions of mechanical unloading has been disputed. Indeed, Hilder et al. (2005) and Han et al. (2007) have reported opposite data on the level of AMPK phosphorylation in rat soleus after 14 days' HU. Egawa et al. (2015) did not find any changes in AMPK phosphorylation as well as in acetyl-CoA carboxylase (ACC) phosphorylation levels in murine soleus muscle after 10 days of hindlimb unloading. Recently, we have found a significant decrease in the content of phosphorylated AMPK in rat soleus after 24-h HU (Mirzoev et al. 2016) . A similar decrease in AMPK phosphorylation was observed in human soleus muscle following a 3-day exposure to unloading via dry immersion (Vilchinskaya et al. 2015) . However, we observed the return of AMPK phosphorylation levels to the control values after 7 days' unloading (Mirzoev et al. 2016) . AMPK phosphorylation can be induced by calcium/ calmodulin-dependent protein kinase kinase 2 and liver kinase B1, but most authors believe that AMPK activation is allosterically regulated by alterations in the ratio of dephosphorylated and phosphorylated high-energy phosphates (Mounier et al. 2015) . We can assume that the lack of contractile activity of the soleus muscle under support withdrawal (De-Doncker et al. 2005) causes a rapid accumulation of phosphorylated high-energy phosphates (ATP, ADP and creatine phosphate) and leads to a reduced AMPK activity. In a rat study, Putman et al. (2015) showed that changes in the ratio of intracellular high-energy phosphates can induce changes in the myosin phenotype of muscle fibres. Matoba and co-authors (1993) managed to prevent a reduction in the slow-type MyHC in skeletal muscle of unloaded rats by β-guanidinopropionic acid, which shifted the balance of adenine nucleotides towards their dephosphorylated forms (AMP and ADP). It has been shown that β-guanidinopropionic acid's effects are mediated by increased levels of AMPK phosphorylation (Zong et al. 2002) . It is known that AMPK can phosphorylate HDAC4 and HDAC5, which, in turn, can facilitate the expression of slow-type MyHC and a number of genes controlling regulatory proteins of oxidative metabolism (Röckl et al. 2007; McGee & Hargreaves 2010) . Indeed, it has been shown that HU induced an increase in histone H3 acetylation at the type IIb (fast) MyHC (Pandorf et al. 2009 ). Recently, Dupré-Aucouturier et al. (2015) have found that trichostatin A (HDAC inhibitor) treatment leads to a significant reduction in unloading-induced muscle atrophy preventing slow-to-fast fibre transformation. Therefore, a decrease in AMPK phosphorylation and subsequent HDAC translocation to the nuclei would be one of the triggering events leading to the reduced expression of slow-type MyHC. To test this hypothesis it is necessary to exclude any decrease in the content of phosphorylated AMPK within 24 h of HU. For this purpose, we used a specific AMPK stimulator, 5-aminoimidazole-4-carboxamide ribofuranoside (AICAR). The negative modulation of AMPK abundance during unloading (using of AMPK-negative mutants and knockouts) will not help to reveal the functional link between AMPK dephosphorylation and downstream signalling events at the early stage of unloading. The study aimed to analyse the functional changes of AMPK activities and their consequences, not the impact of AMPK abundance. Moreover, it cannot be excluded that in the AMPKdeficient animals a different MyHC-driving mechanism might be hyperactive. However, some authors reported that the introduction of AICAR to intact rats does not significantly increase AMPK phosphorylation in the soleus muscle (Zheng et al. 2001) . Our aim was to prevent any reduction in AMPK activity during the first 24 h of HU. Therefore, we applied a pretreatment of animals with AICAR injections. If our hypothesis is correct, then pretreatment of rats with AICAR before and during 24-h HU would maintain the level of AMPK phosphorylation, prevent an increase in HDAC4 content in the nuclei as well as facilitate MyHC I(β) expression in rat soleus muscle.
The results of the present study have fully confirmed our hypothesis.
Methods

Ethical approval
All procedures with animals were approved by the Biomedicine Ethics Committee of the Institute of Biomedical Problems of the Russian Academy of Sciences/ Physiology section of the Russian Bioethics Committee (protocol no. 414, 23.12.2015) . All experiments were performed in strict accordance with the guidelines and recommendations described by Grundy (2015) . All efforts were made to minimize the animals' pain and suffering. Animals were housed in a temperature-controlled room on a 12:12 h light-dark cycle with food pellets and water provided ad libitum. Thirty-two 3-month-old male Wistar rats (190 ± 5 g) were obtained from the certified Nursery for laboratory animals of the Institute of Bioorganic Chemistry of the Russian Academy of Sciences (Pushchino, Moscow region). Prior to all surgical procedures, the animals were anaesthetized with an intraperitoneal injection of tribromoethanol (240 mg kg −1 ). The depth of anaesthesia was evaluated by testing the pedal withdrawal reflex (toe and foot pad pinch).
Experimental design and AICAR treatment
Unloading of the hindlimbs was induced by using a standard rodent hindlimb suspension/unloading model (Morey-Holton & Globus, 2002) , following the recommendations provided by the European Convention for the protection of Vertebrate Animals used for Experimental and Scientific purposes (Council of Europe number 123, Strasbourg, 1985) . Briefly, a strip of adhesive tape was applied to the animal's tail, which was suspended by passing the tape through a swivel that was attached to a metal bar on the top of the cage. This allowed the forelimbs to have contact with the grid floor and allowed the animals to move around the cage for free access to food and water. The suspension height was adjusted to prevent the hindlimbs from touching any supporting surface while maintaining a suspension angle of approximately 30 deg. The animals were randomly assigned to the following groups (n = 8/group): (1) cage control (C); (2) control + AICAR (CA); (3) 24-h hindlimb suspension (HS); (4) 24-h HS + AICAR (HSA). Animals from the CA and HSA groups were daily treated with AICAR (Toronto Research Chemicals, Canada) 6 days before HS and 1 day during 24-h HS. Intraperitoneal AICAR injections were given at a dose of 400 mg kg −1 . The rats from the C and HS groups were treated with an equivalent dose of saline. Under anaesthesia, soleus muscles from control and unloaded rats were surgically excised from both hindlimbs, blotted on filter paper, trimmed of their tendons, frozen in liquid nitrogen, and stored at −80°C until further analysis. After muscle excision, the rats were killed by a tribromoethanol overdose (I.P.) followed by cervical dislocation.
Western blot analysis. Cytoplasmic and nuclear protein fractions from skeletal muscle tissue were separated and isolated using an NE-PER Nuclear and Cytoplasmic Extraction kit (Thermo Fisher Scientific, Waltham, MA, USA) following the manufacturer's instructions. For SDS-PAGE, 10 μg (for nuclear fraction) or 20 μg (for cytoplasmic fraction) of protein was loaded and separated on a 10% polyacrylamide gel, followed by transfer to a 0.45 μm nitrocellulose membrane (Bio-Rad Laboratories, Hercules, CA, USA) by electroblotting. Then, to verify equal loading of protein in all lanes, the nitrocellulose membrane was dyed by Ponceau S. The membranes were blocked for 1 h at room temperature with the blocking buffer (TBS-T: 4% non-fat milk powder; Tris-buffered saline, pH 7.4; and 0. (1:500, Abcam, ab16048) and glyceraldehyde-3-phosphate dehydrogenase (GAPDH, 1:10000; Applied Biological Materials Inc., Richmond, British Columbia, Canada, no. G041). Three 10-min washes with TBS-T were then performed. After that, the membranes were incubated for 1 h at room temperature with horseradish peroxidaseconjugated secondary antibodies to rabbit or mouse immunoglobulins (1:4000, Santa Cruz Biotechnology). The membranes were then washed again in TBS-T 3 times for 10 min and incubated in the Immun-Star HRP Chemiluminescent system (Bio-Rad Laboratories). The protein bands were quantified using a C-DiGit Blot Scanner (LI-COR Biotechnology, Lincoln, NE, USA) and Image Studio C-DiGit software. The signal from the protein bands was normalized to total protein, GAPDH or lamin B. temperature was based on the PCR primers' optimal annealing temperature. PCR primers used for RNA analysis are shown in Table 1 . The amplification was real time monitored using SYBR Green I dye and the iQ5 Multicolour Real-Time PCR Detection System (Bio-Rad Laboratories). To confirm the amplification specificity, the PCR products from each primer pair were subjected to a melting curve analysis and sequencing of the products was provided at least once. Relative quantification was performed based on the threshold cycle (C T value) for each of the PCR samples (Livak & Schmittgen, 2001 
Results
In the intact animals pretreated with AICAR there was a tendency towards an increase in the content of phosphorylated AMPK (Thr 172) (P = 0.09) vs. the C group (Fig. 1A) . In the HS group there was a significant decrease (P < 0.05) in the content of phosphorylated AMPK (Thr 172) by 33% vs. the C group (Fig. 1A) . In the HSA group we did not observe any significant difference in the level of AMPK phosphorylation (Thr 172) compared to the C group (Fig. 1A) . The content of phosphorylated AMPK (Thr 172) was higher in the HSA group compared to the HS group (Fig. 1A) . The content of total AMPK in all experimental groups did not differ from the values obtained in the control group (Fig. 1A) . Control animals pretreated with AICAR did not show any changes in phosphorylated acetyl-CoA carboxylase (ACC) content (Fig. 1B) . In the HS group we detected a significant 34% (P < 0.05) decrease in the content of phosphorylated ACC vs. the C group (Fig. 1B) . In the HSA group the level of ACC phosphorylation did not differ from the values obtained in the C group (Fig. 1B) . The content of phosphorylated ACC was higher in the HSA group as compared to the HS group. The content of total ACC did not differ between all studied groups of animals (Fig. 1B) .
In the intact animals pretreated with AICAR (CA group) the content of HDAC4 in the nuclear fraction did not differ from the C group ( Fig. 2A) . In the HS group we observed a significant 243% increase (P < 0.05) in the content of HDAC4 in the nuclei compared to the C group. In the HSA group the content of HDAC4 in the nuclear fraction did not differ from the C group. The nuclear HDAC4 content in the HS group was significantly higher than that in the HSA group ( Fig. 2A) . In the CA group we found a significant 38% decrease (P < 0.05) in the nuclear HDAC5 content relative to the C group (Fig. 2B ). In the HS group there was a significant 41% decline (P < 0.05) in the content of nuclear HDAC5 as compared to the C group (Fig. 2B) . In the HSA group we also observed a decrease in the content of nuclear HDAC5 by 26% (P < 0.05) relative to the C group (Fig. 2B) .
AICAR pretreatment of both CA and HSA groups did not induce any changes in the content of phospho-AMPK (Ser485/491) as compared to the C group (Fig. 3A) . However, when compared to the C group, in the HS group a significant 88% increase (P < 0.05) in phospho-AMPK (Ser485/491) was found (Fig. 3A) . In line with the AMPK Ser485/491 phosphorylation, a significant 136% increase (P < 0.05) in the content of phosphorylated protein kinase D (PKD) (Ser916) was observed only in the HS group compared to the C group (Fig. 3B) .
WB and RT-PCR analyses did not reveal any significant changes in the expression of peroxisome proliferator-activated receptor γ coactivator 1α (PGC-1α) at both protein (Fig. 4A ) and mRNA levels (Fig. 4B) . The level of MyHC I(β) pre-mRNA expression in the CA group did not differ from the C group (Fig. 5A ). In the HS group there was found a significant 0.3-fold decrease in MyHC I(β) pre-mRNA as compared to the C group (Fig. 5A ). There was a trend (P = 0.09) towards an increase in MyHC I(β) pre-mRNA in the HSA group as compared to the HS group (Fig. 5A) .
In the intact animals AICAR pretreatment resulted in a significant 1.4-fold increase in the expression level of MyHC I(β) mRNA (Fig. 5B) . In the HS group there was a trend to a 0.2-fold decrease (P = 0.08) in MyHC I(β) mRNA expression compared to the control level (Fig. 5B) . In the HSA group we observed a significant 1.2-fold increase in MyHC I(β) mRNA as compared to the C group (Fig. 5B ). There was a significant rise (P < 0.05) in MyHC I(β) mRNA expression in the HSA rats relative to the HS animals (Fig. 5B) .
Pretreatment of the intact animals with AICAR did not reveal any changes in MyHC IIa mRNA expression in the rat soleus muscle (Fig. 6A) . In the HS group there was a significant 0.4-fold decrease (P < 0.05) in MyHC IIa mRNA expression compared with the C group (Fig. 6A ).
In the HSA group the expression level of MyHC IIa mRNA did not differ from the C group (Fig. 6A) . The AICAR-pretreated intact animals showed a significant 1.9-fold increment (P < 0.05) in the level of MyHC IIb mRNA expression (Fig. 6B) . In the HS group relative MyHC IIb mRNA expression did not differ from the C group (Fig. 6B) . We also found that the level of MyHC IIb mRNA expression in the soleus of HSA rats significantly increased by 2.3-fold (P < 0.05) in comparison with the C group (Fig. 6B ). There was a significant increase (P < 0.05) in MyHC IIb mRNA expression in HSA rats as compared to HS animals (Fig. 6B) .
Hindlimb unloading for 24 h resulted in a significant 2.4-fold increase (P < 0.05) in MyHC IId/x mRNA expression compared to the C group (Fig. 6C ). In the HSA group the level of MyHC IId/x mRNA expression was significantly higher vs. both the C and HS groups (Fig. 6C) .
Discussion
The present study was aimed at identifying the role of AMPK in reducing MyHC I(β) mRNA expression under HU conditions. After 24-h HU we observed a significant reduction in AMPK phosphorylation in the rat soleus as compared to control. However, HU did not induce any significant changes in total AMPK content in the soleus muscle. One day of HU also resulted in a significant decrease in phosphorylation of ACC, a specific AMPK substrate, indicating suppressed protein kinase activity of AMPK (Winder et al. 1997) . A significant decrease in the AMPK phosphorylation level was previously reported by Han et al. (2007) in rat soleus after 14 days of hindlimb unloading. However, in contrast, Hilder et al. (2005) found an increase in AMPK phosphorylation after 14 days of unloading in rat soleus. We also observed a sufficient increase of this parameter after the same duration of unloading (unpublished observation). Egawa et al. (2015) reported the absence of any changes in AMPK phosphorylation and ACC phosphorylation in murine soleus after 14 days of unloading. Thus, a lot of contradictory reports were published on the AMPK phosphorylation during unloading. However all these observations were made after longer periods of unloading. No one analysed the 1-day exposure effects. As for the findings of Egawa et al. (2015) , they were done on murine soleus muscle, which is quite different from the rat one (40-50% of slow-twitch fibres vs. 85% in rat and humans). Recently, we reported on the significant decrease in AMPK phosphorylation in rat soleus muscle after 1 and 3 days of hindlimb unloading (Mirzoev et al. 2016) . The reduced level of AMPK phosphorylation was also found in human soleus biopsy samples after 3 days of exposure to dry immersion (Vilchinskaya et al. 2015) . In order to study the role of AMPK in the regulation of the myosin phenotype in the soleus muscle fibres at the early stage of mechanical unloading as well as to analyse the signalling consequences of AMPK dephosphorylation, a well-known AMPK activator, AICAR, has been used. Pretreatment of the intact animals with AICAR resulted in a non-significant increase in AMPK and ACC phosphorylation in the rat soleus muscle compared to the untreated control. Previously it was shown that AICAR administration does not lead to a significant increase in AMPK activity in rat soleus muscle (Zheng et al. 2001) . Our data are in agreement with this report. At the same time, the results of our study show that pretreatment with AICAR for 6 days before HU and during 24-h HU did prevent AMPK dephosphorylation in the rat soleus muscle following a period of 24-h HU. AICAR pretreatment also rescued ACC dephosphorylation after 1-day HU. Thus, we, for the first time, were able to prevent a decrease in AMPK activity during the first day of unloading. If our hypothesis about the role of AMPK in the regulation of MyHC I (myh7) expression is true, then we could expect that AICAR-induced AMPK activity would prevent a decrease in MyHC I mRNA following 24-h HU. We found a significant decrease in MyHC I(β) pre-mRNA and a pronounced trend towards a decrease in MyHC I(β) mature mRNA I(β) following an exposure to 24-h HU (Fig. 5) . These data are in a good agreement with the report by Giger et al. (2009) about a significant reduction in both pre-mRNA and mature mRNA of slow-type MyHC in the soleus muscle of female Sprague-Dawley rats following 1-day HU. However, AICAR pretreatment rescued a decrease in MyHC I(β) pre-mRNA in the soleus muscle of the unloaded rats. Anyway, various authors reported a decrease in MyHC I(β) mRNA content from the first to the 14th day of HU (Stevens et al. 1999; Giger et al. 2009; Lomonosova et al. 2016) . We recently demonstrated that p-AMPK and p-ACC gradually increased in the course of HU exposure, and therefore after the first 1-3 days of HU one could not expect further dependence of MyHC I(β) mRNA decline on AMPK dephosphorylation. Indeed, we observed some signs of the fact that after the third day, the calcineurin inhibitor (calsarcin-2) expression and NFATc1 kinase GSK3β dephosphorylation/ activation were intensified . It seems quite reasonable to suppose that at the later stage of the exposure to HU, mechanisms other than AMPK signalling are responsible for MyHC I(β) mRNA decline.
with AICAR pretreatment. * Significant difference from control (P < 0.05); ‡ significant difference from HS (P < 0.05). Box plots show 25-75 percentiles and median values and the whiskers represent the minimum and the maximum; n = 8/group.
One possible effect of AMPK on gene expression of slow myosin and enzymes of oxidative metabolism is associated with the phosphorylation/dephosphorylation of histone deacetylase 4 and 5 (HDAC4 and HDAC5) (Röckl et al. 2007; McGee & Hargreaves, 2010) . We hypothesized that AMPK dephosphorylation at the first day of HU would lead to an accumulation of HDAC4 and 5 in the nuclear fraction of the rat soleus muscle. This hypothesis is supported by the previous studies on histone H3 acetylation. Pandorf et al. (2009) found a profound decrease in acetylated histone linked with the myh7 gene promoter after 7 days of HU. In addition, it has been previously shown that in slow-type muscle fibres, HDAC4 is localized predominantly in the cytoplasm, and in fast-type fibres, in the nuclei (Cohen et al. 2015) . Indeed, we detected a significant accumulation of HDAC4 in the nuclear fraction of the soleus muscle after 24-h unloading while AMPK activation with AICAR prevented such accumulation. This is consistent with the data on AMPK phosphorylation and confirms our hypothesis. Recently, Yoshihara et al. (2016) have found that 10 days of immobilization induces a significant nuclear HDAC4 accumulation in rat gastrocnemius muscle. This HDAC4 accumulation was accompanied by a decrease in the level of AMPK phosphorylation (Yoshihara et al. 2016) . These data are in accord with the results of our experiment. Normal contractile activity determines an equilibrium in the AMP:ATP ratio when the level of AMPK phosphorylation maintains an equilibrium in the level of HDAC4 phosphorylation, the main pool of which is localized in the cytoplasm (Cohen et al. 2015) . No blocking of the promoter of the myh7 gene occurs and MyHC I(β) mRNA is expressed normally. B, rat soleus muscle under the unloading conditions. Sharply reduced contractile activity may lead to an accumulation of ATP and reduction in AMP. As a result, the level of AMPK phosphorylation decreases and induces partial HDAC4 dephosphorylation and its nuclear translocation. The myh7 gene promoter gets blocked and MyHC I (β) mRNA expression decreases.
As for HDAC5, we observed that even a slight increase in the activity of AMPK in the CA group was accompanied by a decrease in HDAC5 content in the nuclear fraction. This phenomenon could be linked to the phosphorylation of HDAC5 under the action of AMPK. However, surprisingly, we found a decrease in the content of HDAC5 in the nuclear fraction after 24 h of unloading. Such a decrease could be caused either by HDAC5 phosphorylation and export from the nuclei or by HDAC5 degradation. HDAC5 is not only an AMPK target, but also a target for PKD (Ya & Rubin, 2011; McGee et al. 2014) . Because 24-h HS resulted in a decrease in the AMPK activity, it is unlikely that the export of HDAC5 from the nucleus during unloading could be linked to AMPK. It is known that a decrease in the AMPK activity can lead to a significant increase in the PKD phosphorylation level (McGee et al. 2014) . Indeed, we observed a significant increase in the phosphorylation level of PKD in the HS group, but not in the HSA group. Interestingly, this decrease in PKD phosphorylation in the HSA group attenuated a reduction in HDAC5 in the nuclear fraction by almost 2-fold. It is important to note that an increase in PKD phosphorylation in the HS group had no impact on nuclear HDAC4, the content of which was significantly higher than that in the C group. It appears that HDAC4 is not a target for PKD during mechanical unloading. In the present study, we for the first time observed a reciprocal relationship between AMPK and PKD in the inactivated rat soleus muscle. In addition, hindlimb unloading resulted in a significant increase in AMPK Ser485/491 phosphorylation, which is under control of PKD (Coughlan et al. 2016) . However, an allosteric activation of AMPK with AICAR in the HSA group reduced the level of AMPK Ser485/ 491 phosphorylation, possibly, through decreased PKD phosphorylation. Because HDAC5 and HDAC4 are associated with deacetylation of both histone H3 and transcription factor MEF2D (a promoter of activity of several genes, including myh7) (Shen et al. 2006) , we speculate that the increased activity of PKD as well as HDAC5 nuclear export during unloading would attenuate a decrease in MyHC I(β) expression.
Interestingly, 24-h HU also induced a reduction in MyHC IIa mRNA expression. This result conforms to a report by Stevens et al. (1999) as well as our recent study ) that showed a significant decline in MyHC IIa mRNA expression in rat soleus at the early stages of HU. In the present study we observed a similar expression pattern for MyHC I and MyHC IIa mRNAs during an acute unloading. Therefore, we can suggest that MyHC IIA mRNA expression might be regulated via the same mechanisms as that for MyHC I, i.e. calcineurin/ NFAT-dependent and AMPK-dependent signalling cascades. Indeed, in the AICAR-pretreated rats we did not observe a decrease in MyHC IIA mRNA following HU. It is possible that nuclear HDAC4 accumulation after 1 day of unloading could be the cause of the decline in MyHC IIA mRNA expression. Earlier it had been shown that during the first days of HU a significant increase in MyHC IId/x mRNA expression occurs (Stevens et al. 1999; Lomonosova et al. 2016) . In the present study we also observed a significant rise in MyHC IId/x mRNA after 24-h HU while AICAR pretreatment enhanced MyHC IId/x mRNA expression in the HSA group compared to the HS group. It is worth noting that an increase in MyHC IId/x mRNA expression after 24-h unloading occurred against the background of AMPK dephosphorylation and nuclear HDAC4 accumulation, which could non-specifically prevent transcriptional activity. Presumably, the increased MyHC IId/x mRNA expression is a consequence of other mechanisms which are not associated with the changes in AMPK kinase activity. However, it is possible that an overall activation of transcriptional activity in the AICAR-pretreated unloaded animals could enhance MyHC IId/x mRNA expression. Stevens et al. (1999) and Lomonosova et al. (2016) have previously shown that 3-4 days of unloading can lead to an increase in MyHC IIb mRNA expression. However, in the present study, 24-h HU was not sufficient to induce any significant changes in MyHC IIb mRNA expression. At the same time, an export of HDAC4 from the nuclei in the AICAR-pretreated unloaded rats could create some conditions for enhanced MyHC IIb mRNA expression.
There is evidence indicating that PGC-1α may play a key role in mitochondrial biogenesis, fatty acid oxidation as well as muscle fibre type determination (Lin et al. 2002; Miura et al. 2003) . This allowed us to assume that PGC-1α could lie downstream of AMPK and influence skeletal muscle phenotype. In addition, Cannavino et al. (2014) have shown that 3 days of HU results in a significant reduction in PGC-1α mRNA expression in mouse soleus muscle. In this regard, one of the aims of the present study was to examine whether AMPK activity could exert an impact on PGC-1α mRNA and protein expression following 24-h unloading. We found that 24-h HU did not induce any significant changes in PGC-1α expression (both mRNA and protein) in rat soleus muscle. Activation of AMPK with AICAR also did not alter PGC-1α expression in both intact and unloaded rats. These data suggest that PGC-1α expression in rat soleus muscle during the initial stage of unloading (24 h) is not regulated by AMPK activity and therefore cannot influence an expression pattern of MyHC isoforms. It is also possible that AMPK dephosphorylation may participate in other events during the early period of mechanical unloading: paradoxical increase in ribosomal protein S6 kinase (p70S6K) phosphorylation (Mirzoev et al. 2016) or inactivation of the α2 subunit of Na + ,K + -ATPase (Kravtsova et al. 2016) .
Conclusion
The results of the present study clearly indicate that AMPK dephosphorylation during the first 24 h of mechanical unloading has a significant impact on the expression of MyHC isoforms in rat soleus causing a decrease in MyHC I(β) pre-mRNA and mRNA expression as well as MyHC IIa mRNA expression. Dephosphorylation of AMPK also contributes to HDAC4 nuclear translocation suggesting an important role of this epigenetic regulator in the process of myosin phenotype transformation (Fig. 7) .
